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‘ll~e )JCVV  NAT.A IMr,~dlgIIt  C’IIIS  for IrICIre frcc]utvj[, 10[v cost,  ArIJall spact,crdft rr, isslcms  ca~rat,le  of rdorftini: higlI - vAhIe  f,larlctary
M ;CJKC, ‘fhis cha)krjgc a/so rw[crds [0 the I;(JJM  fnvI ilorI of acfv~nctd tccl[rdo~:ics ao oss all spficccr.+f[  5ubs}MdI[Is as an
erlfit,lillg [061  fclI  tmiklln{: [hC’SC  hlf:hly cd~lat~le n!i[lialurimcf scietm pla[forltls iII [he spirit c]f  ‘%s[cr,  i,etlcr, ard chca~m.”
7?)/s JJ.?IICr  ~,resents  IiIe J) ’l, W“S1OJI of rrear-tr’rd(l  anti crrlctg{rlg Guidar]c-e,  Navfi:ation, and  C’or[trol (GN&C)  sutIsfi[erII
[m iIrIokJgiPs  tliat Mill JICIP fashicm the fl!turc of low-.n,st ~,larm[ary rrli.ssiorls,
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“1’hc Ii)njc>i GhT&( nlissicn~ suppcmt  roles for future plancta!y  s~,acecrdft  include at~i[udc  stat,ilizatlo!l, A-V tr.{jec[ory corj CCIIC,]IS,
scicncc  Irlsll  UTIICTIL  poil)ting,  target  fcatil!t, [Tiickirlg  atd ittia~c ]Ilotlorl  coIIIsJcILsatic~II,  racial/l ldar arid gr~vity-flcld  nla~)~dll~:
niat)c’tlvcls,  aclut>rAkit\[! C(ttltrul,  ald CfiSlul~>arlCL’  coril~,c’r!sflllc~]i  ~’o  ac}llc’vu  ]CWT  CC,S1  lIilssioJ!s V,,ill reCluil<,  a  rdiCdl Ctlart[\C
f:ol,, the CUII CVI1  ctc~,ctdel,ce  01, r e a l - l l n , e ,  hat,cis-orl g!crurd su~,~,orl  III rt, issloll o~,ct.ttions. low o~,crd[imlal  cosls cari  be
1c21i2cd  lt(rou~,h  g,lea(ly  hmea~ect  Crlllmiid  aulolmlly aid rclialm Orl the ada~~lat~lllty wc bLIHct  Irlto  c o n t r o l  sys[et[ls. }ulurc
rllissiorls to CWP1OIC platlc is, cor!lels,  atlcl a s t e r o i d s  will  etLllJlasi/e  fasl-fiyirlg,  a~lle  sl)acec raft lllat arc cti~,at,lc  c)f  illsllril!~
711issloII  suuc$s  iri the face of  a wide rdnge  of uliccxlair){ie<,  bolt) c)l)-troald a]]ci  \] I ttIr  ex[el  IIal etlvircrrllllerll,  Whc[her the
nlission  is a fasl nyby,  rellcfewous ard slatlor!kec~>irl~,  c]rl]ilcr, sul~dce  ~>rcrtre, or Iarl(ier,  the issues of corllporleli[ clegradalion
allci  failtlrc, dlsltlrt,atlce i]ltct.+c~iorl%,  e~,lw tiler is uIIcerlait  Ity,  ard urlkt~owii  tatgct  fcat~]l{,s  will ahvays  tw l)lcsclll.

I.ikcwise, as  block red~lncfarlcy  is traded for 10WW! COS1  atd ntass, new, ways c)f  Introducitiy, fatllt tole! .iilce al,ci  n)ailltaillirl: ~,cr-
f o r  j, IaIICC  will bc neccle[i. I’or  ewttl,ple, ftlr,clio[,al al,cl  arlalylic  rcclur,claricy  lt,ro~lgl,  sr,tart-scriwr  clala  fllsior,  or If,ixcd  use of
ilt)pillsivc  ard ~,ro~milo]lal  rtlc)t,lctll\llllc  xcl)ar]ge cfiec(ols  will provide a grdceful loss of ~]crfcrl :L]aricc sd{}ier  tl,all failure. in
tlwse “clesi~:rl-to  cosl” sf,acectdft,  tl[:htly rc~ula[rci  pcrwe!,  fuel, ccmllwta[inrl,  aid data stora~e rcsoLllce r,,arlagcn!cllt  will be
rleccicct.  ‘lllis sirllldy n!car]s that future nlissicnls iled self-rccorlfi~:uldl}ili[y to nlana~c withoL}t  costly human irllerverltiot! ald
tlw  al[cvlctaut  interl upticrtj  and possible 10s5 of nlisslotl rcturll, ‘1’111s  has  n!otlv~[cd  Jt’1.’s cfcvelo~mlent  of nllnialurizecl  atlituclc
sL’IlsLIl>  Wittl  C1lltK’ddL’Cl  J>rOc~ssOr$.  ancl  Sl[la!  t softwdre, 8(ivdIlCt$~l  aCiUat[lr  S, atld  IlltCl!i\:L,  rlt (:c)rltrOi  tdctlrldo~y.

AU’1’ONohlOtlS  CX)N3’RC)I. l’l;CtiNC)l.OCill.$

]I,lclli~qrlt  (XMitrd

11] corl~!ast to ccrrlverltional  fccclt>ack  corltrol}  w,lwrc  tile erfor sifirlal  is ttlc njairi  way tc ,  aw,Llrc  Corl[rol  stal,ility ar!ct perfol  -
l~iat~cc,  I\itcllif,cr]t  (’or)trol offcrh autotlc)nly lhtouI:lI self Icarllillg, self rcccjtl flgLlrdl,  ill[y, a],proxi]rlate  Ica<cw)il[g,  plxrjllirl[: ari{i
Clccisinrl  l[lfikill~:,  and  the ability to Cxtrdc[  the r!iost valuable illfot  Illation frortl  unstrucitltecl and rlolsy clata,  I’hcsc atlritl Lltcs
r{my l~e rtializc{t  by ttw  Ir)ery.cr of neul AI nelwolk~  arlcl fo(~y  louic Itl su~~jwlt  cif llrlccrlaillty-lc~lcrdr!t  r~ltnlsl  cCltltl Lll syslcllls,

1. A u t o m a t e d  Modelir]g  ad @ntrul Syr,thvs!s  [1,2,3]

‘1’lte  tt~rce  :,cltel  ic  desigii  issues fcrl  ahy coritlcrl  systmll  ale stat,lllty, rc]bLlstrless  to rl,odclirlg unccr Lairitlcs,  art[l perfor-
lt,~rlce.  I’he au[or[la[ccf  cfcsi~rl  tcchnc)lc)gy  of Mocfcll~I~ al,[i c:or]frol  ,$jv,[}lcsl.s  (AfA(X}’A~ [1]  aclcfrcsses  these issLIcs ciircc[ly
via a cfctc[ lilitlist{c  r[mclei-bawd  a~)prc)acl).  1 ip.L!!e 1 slmvs the basic conccj,  t of hlAC.SYN.  ‘1’t]l~  provi[les  the tcclltlcdop.  y for
tt]c  lr,rmr lcxy, (oI first laytiI) clf tlw  ltltclli~crll [or,tlol alc}lltecltlre riiscuwd later.

I’ir>t,  [lIC l, Iat!t  llls,ut/outl)Llt  (1/0)  clata  froth ~,rcsclit,cd  cxci[atiorls  of the systcr[l  aTc ~Jroccssect  by systen! Iclcrttificdtiort
(11))  al~(,rilt,rt,s  t o  ~ctmrate a rt,a[twt,,atical Itiodcl o f  ttw  n!ultlvariat,le planl and  ar,y  dis[url,ances, ttawcl  01, systerl, 11)
da(a,  additive arlci lllulti I]licative  urlccttair]ty rt!odcls  arc cleated  10 cas,l~lrc,  Systel[!  variations itt ri~iclbocty  r[lass
~)ro~wrlics,  tlexit,le  body  ntorial  frcq~ler]cics  ar)cf  ctar(~~)ir~~., ~,lal{t J)ardr[\e[et Ctl jft, YIox}lil)c:(tities,  rloiscr al]cf  Ctiiillrt)arj(es.
}Irlally, tllc I)larlt  aid u]lccr iairily r!lcdcls arc ~,assecl to ttlc rot,us( cor]tl(,l  clcsi~ll  al[:f]litllrlls  10 ~cr,ct,ttc a corltrollcr
(cithct  11.lt,finity OJ I QG II,clt,cds)  that  Cdl!  lmrfor  fit rot,ostly ut]cfcr  the c!(’fil  K!C\  Lrl,ccr Lair\tics  at,ci  10 the ]) IcSC1  it>cd
IIlar[:il]s.. T h i s  parliculal astploactl is rcfcrl  d to as a ndclbascd clesign  tCChrl\CILle, MA(.SYN  call  provide fi~larar]tecd
~tatli!ity  arid dl~l$tll(’<s sirlce iderltificatiotl af]d ~ll)c~liaillty rlldeliI][\  aIL2  trllc,  fc)r it~-f~ip.il[  c<lrlclitiorls.  l~Lltirl~,  tile
rl!lssiorl,  a fully autotliatt’d  c)rlboarcl h! ACSS’N  procc’w  MrOLlld  ~trcrvicic  ~)c’riodlc norl-rc’al.  ti!!!e self tut)l!l~ of tllc Corltu-rl
syslcI  II noll}illal  ctesifyl, lrl the evcllt o f  eclLril)rilc’r!l  fai[llrcs, MA(;SYN coLIld  alsc,  ctlablc  aL!tr)r!or[lous  rccr)rl~\,,Lltdtic)rl  of
cc,rlt!i.,t  lot)~m  for  llIC twsl pcrforj[larice  Llsi]]$:  tile available  cotltro!  Ctlatitlcls.
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~:igLlrC  1. hfocfelirl~ar, ct ~or]lrolsyj!tflesis (hlAcSYN)  t,asiccor,ce~lt.
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